ABSTRACT Objective: To evaluate the impact of avoidable mortality on the changes in life expectancy at birth in Spain. Methods: Standard life table techniques and the Arriaga method were used to calculate and to decompose life expectancy (LE) changes by age, effects and groups of causes of avoidable mortality among three periods (1987-91, 1992-6 and 1997-2001). A list of causes of avoidable mortality reached by consensus and previously published in Spain was used. Main results: Life expectancy increased in all ages and both sexes. The main contribution to the increase of LE at birth was due to people over 50. Mortality in young adults produced a reduction in LE between the first two periods, but there was an important increase in LE between the last two periods; in both cases, this was the result of factors amenable to health policy interventions. The highest improvement in LE was due to non-avoidable causes, but avoidable mortality through health service interventions showed improvements in LE in those younger than 1 year and in those aged 45-75 years. Conclusions: Making a distinction between several groups of causes of avoidable mortality and using decomposition by causes, ages and effects allowed us to better explain the impact of avoidable mortality on the LE of the whole population and gave a new dimension to this indicator that could be very useful in public health.
Avoidable mortality has been proposed as an indicator to monitor health service results 1 2 and to compare the performance of different health systems. In the field of public health and health services research, much work has been previously published 3 4 although its use in practice has not yet become generalised. In Spain, this indicator was introduced at the beginning of the 1990s under the acronym MIPSE (Unnecessarily Premature and Amenable to Health Services Mortality), 5 and an atlas with the distribution of avoidable mortality in autonomous communities was published 6 that has been used in several studies and health reports. 7 8 The indicator of avoidable mortality is based on a selection of deaths that, according to the cause of death and age, should not have occurred because health measures exist that should have been sufficiently effective to avoid them. 1 2 Empirical studies analysing this indicator in different countries and over different time periods show consistent results which are compatible with the concept on which the indicator is based. 4 In other words, time trends of avoidable mortality are more favourable than those of mortality that is considered to be non-avoidable or general. The geographical distribution of avoidable mortality is related to differences in socioeconomic status, the level of development of the country and, especially, the development of a country's health system. 3 4 Some authors have distinguished between subgroups of causes of avoidable mortality to indicate the effects of different kinds of health interventions: primary or secondary prevention or treatment. 3 9 Within the limitations, the most important is the variability among studies of the different causes of deaths that are considered to be avoidable 4 10 . A recent study showed that geographical variation and differences in time trends of avoidable mortality are very highly dependent on which causes of death are considered to be avoidable, as this can produce contradictory or inconsistent results. 11 To counteract this problem and to make studies in Spain more consistent, a group of experts has updated the avoidable mortality list through a consensus process. 12 Using this new list, the performance of the Spanish health system within autonomous communities has been analysed. 8 The results showed that in the last 15 years avoidable mortality has decreased more than non-avoidable mortality, and particularly so for those causes of death that are influenced by the direct intervention of the healthcare system. 13 In contrast, those causes of death that are influenced mainly by the policy measures taken in other sectors, which nevertheless have an impact on health, showed fluctuating results (initially there was an increase but this was followed by a decrease in deaths). 13 Furthermore, the geographical pattern is also different for both groups of causes of death, with avoidable mortality due to causes influenced by healthcare being higher in the south of Spain and avoidable mortality due to causes influenced by health policy interventions being higher in regions along the Mediterranean coast. 13 The objective of this work was to evaluate the impact of avoidable mortality on the health status of the general population by analysing the effect that avoidable mortality has had on the evolution of life expectancy (LE) at birth in Spain. The analysis was carried out for groups of causes, according to the list reached by consensus and previously published in Spain 12 (table 1) . The groups were: global avoidable mortality including all deaths on the list; avoidable mortality through health service interventions; avoidable mortality through intersectoral health policy interventions; and the remaining causes of death, which we called non-avoidable. The consensus process involved experts in medical specialties and public health and followed several criteria to update the already published lists of avoidable mortality. The most important were the availability in Spain of effective measures to treat or prevent the listed diseases; the increase in the upper age limit to fit with the important increase in life expectancy experienced; and that accidents and violence were considered to be preventable, which is how they are considered in the public health field. 12 Life expectancy at birth has been calculated according to standard life table techniques, with 85 and older being the last age group. The impact of avoidable mortality on the change of life expectancy at birth between time periods was estimated by decomposing life expectancy. Decomposition of differences in life expectancy was undertaken using the method developed by Arriaga 15 with free software (Epidat 3.0) developed by the Regional Ministry of Health in Galicia, Spain, and the Pan American Health Organization. 16 This method enables the separation of differences in life expectancy into factors related to age and cause of death, or to age and effects, expressed in years gained or lost. There are three additive effects: c direct effect: years of life gained in the age group x, x+n owing to the mortality changes in the group itself c indirect effect: years of life gained after the age x+n because of an increased number of survivors (as a result of the mortality changes of the age group x, x+n, assuming that the mortality of the older age groups does not change)
METHODS
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c interaction: years of life gained because of the supplementary survivors at age x+n as a consequence of mortality changes between x and x+n, taking into account that the mortality in the higher age groups also changes. The open-ended age group (85 and over) is influenced only by a direct effect. The main difference between a direct effect and the other effects is that a direct effect measures the effect on LE that mortality changes in one age group produce in the group itself. Indirect and interaction effects measure the differences on LE that the mortality changes in one group produce through other age groups. See the supplementary material for further information on the calculations that were carried out.
The data were grouped into three periods of 5 years (P1, 1987-91; P2, 1992-6; P3, 1997-2001) to increase their consistency. The periods were chosen to fit as far as possible the LE trends experienced in Spain. Life tables for each one of the periods and for each sex were computed. For each change between two periods, the contribution of the groups of causes of mortality and of the effects by age and sex on the LE differences were analysed.
RESULTS
The total number of avoidable deaths analysed was 1 023 036, which is 20% of the total mortality in the whole period (10.96% due to causes affected by health service interventions and 9.04% to causes avoidable by health policy actions). Non-avoidable causes accounted for the largest number of deaths and increased proportionally from one period to another (P1, 78.7%; P2, 79.42%; P3, 81.74%), whereas deaths due to avoidable causes decreased (P1, 21.3%; P2, 20.58%; P3, 18.25%) in relation to the total deaths in each period. There was a higher number of avoidable deaths in men than in women (25.86% versus 13.49%). Figure 1 shows the changes in life expectancy, in number of years, by age and for both sexes between the analysed periods. Between the two first periods (P1 and P2) there is a greater increase in life expectancy at birth and at all ages in women. Men aged from 25 to 34 show the smallest increase. Between the next two periods (P2 and P3) the increase is higher in men, about 1.5 years, up to the age of 24 years, and in women the difference is around 1 year. In the older than 50 age group, the increase in life expectancy is similar in both sexes. Table 2 shows the contribution of the three different effects to the changes in LE at birth, according to age group. Although LE was calculated in 5-year age groups with an open-ended group for age 85 and over, the results are presented for wider age groups to facilitate legibility. In both sexes the contribution to the increase of LE at birth in the age groups over 50 is notable. Furthermore, between periods P1 and P2 the mortality of 25-49-year-old men produced a reduction in LE, but between periods P2 and P3 there was an important increase in LE for men. With regard to the three different effects, for all ages and in both sexes, the most important contribution is due to the indirect Research report effect. Moreover, the reduction in LE in young men within the first and second periods is shown for all of the effects. Direct effects are observed in all groups, but they are much more important after the age of 50.
In figures 2 and 3 the contribution of causes and ages to the years of LE gained at birth, in number of years, is shown. It is evident that the highest number of years gained in both sexes is due to non-avoidable causes, mostly because of the contribution of ages older than 75, particularly in women, although in the last period the effect of avoidable causes is higher. The negative contribution of young people between the first two periods is basically a result of the mortality due to causes that can be affected by health policies in both sexes, but mainly in men. Nevertheless, between the second and third periods, these causes showed important gains in years of LE at birth for men. Finally, avoidable causes through health service interventions showed gains in LE in the groups younger than 1; the young and middle-aged population, especially in men; and the elderly, mainly in women.
DISCUSSION
There has been an important increase in life expectancy at birth in Spain over the last 20 years, although during this time the improvement has not been consistent. The increase reflects the epidemiological profile of events affecting population health. For this reason it is very important to be able to identify the role that age and causes of death have played in this improvement, especially those causes that could be modified by available means.
Among the results, the negative impact on LE of causes amenable to health policies stands out, mainly in young age groups, between the first and second periods analysed. This is due to a combination of well-known factors that in recent years have threatened public health in Spain. There has been an increase in mortality for the younger age groups because of AIDS, drugs and traffic accidents, 17 all of which are causes that are included in the group of avoidable mortality through intersector health policy interventions. The mortality from these causes was considerably reduced from the second to the third period as a result of the improvements in treatments for AIDS and a drastic reduction in the consumption of more lethal drugs and in traffic accidents. 18 19 As a result, these causes of death are among the highest contribution to the increase in LE.
Within the avoidable mortality through health services interventions group, a positive effect on LE stands out in the younger than 1 year age group as a consequence of the improvement in perinatal and neonatal mortality. Also in the age groups from 50 to 75 there is a positive effect because of a reduction in mortality due to cerebrovascular diseases, other heart diseases, respiratory and digestive diseases and female breast cancer, as shown in other studies on avoidable mortality. 4 10 20 The improvement in mortality rates as a result of these diseases has been noted in different studies of mortality trends in Spain, and it has been attributed to a beneficial effect of the treatment and control of cardiovascular and respiratory risk factors and to the improvement in medical treatments. 17 21 22 Nevertheless, the results also show an apparent paradox because non-avoidable causes of death seem to be producing the highest gains in LE. One explanation could be the significant contribution that non-avoidable causes make to the total number of deaths. However, if the results are viewed in relative terms, they show a different effect: a reduction of one-quarter of the total deaths produces around half of the years gained, N, total number of years due to the corresponding effect in each age group. Direct effect, years of life gained in the age group x, x+n owing to the mortality changes in the group itself. Indirect effect, years of life gained after the age x+n because of an increased number of survivors (as a result of the mortality changes of the age group x, x+n, assuming that the mortality of the older age groups does not change). Interaction, years of life gained because of the supplementary survivors at age x+n as a consequence of mortality changes between x and x+n, taking into account that the mortality in the higher age groups also changes.
basically in the second change of periods. As the group of nonavoidable causes results in the highest number of deaths, the reduction in mortality, despite being small, might contribute highly, in absolute terms, to the increase in LE. Parallel results have been found in another study on avoidable mortality in Europe that had a similar methodology. 4 That study pinpoints Spain as being different from the rest of Europe because of a reduction in LE in younger age groups that is attributed to other non-avoidable causes of mortality. 4 The reasons for the differences observed with our results is that the European study included only those causes of avoidable mortality that are influenced by the intervention of health services, and also because the European study used temporary life tables (with an upper age limit of 75 years) for all causes. Our results show that this reduction in LE in young people is due to the causes that are sensitive to intersector policy interventions, and they reveal the usefulness of including this aspect of public health in the avoidable mortality list.
Another result to be highlighted is the one observed in the analysis of effects, which, we must remember, is a different interpretation of the same phenomenon: the decomposition of the changes in LE. The most important contribution to the increase in LE was due to the indirect effect in all ages. This means that a reduction in mortality in one age group has an impact in that group (as measured by the direct effect) and in other groups. Thus, the reduction in mortality as a result of particular causes that affect mainly specific age groups (eg AIDS or traffic accidents in young people) implies years of life gained by these young ages, and also by other age groups, and in this way it contributes to the increase in LE of the population as a whole. This could be a very important argument to support public health interventions, such as traffic regulations. The rationale is that mortality reductions in one group affect total life expectancy by means of other age groups.
In contrast, in older age groups, direct effect and nonavoidable causes play a more important role. This shows that a large proportion of the gains in LE for the whole of the population over recent decades has been produced by an improvement in survival for older people and this can explain, in part, the apparent paradox in the results mentioned above. In the definitions of avoidable mortality, most of the causes affected by health service interventions include death only before age 75, whereas after this age deaths are included in the non-avoidable group. Thus, longer survival in older people would have been the result of better health status (direct effect means LE gains in these ages) and of better medical treatment for avoidable causes, delaying death until after age 75. This result supports the theory about the usefulness of extending further the age limit used in the list of avoidable mortality. 4 The impact of avoidable mortality on life expectancy has been previously analysed, with a different methodology, in one region of Spain. 23 24 The impact has also been analysed for other European countries with similar methods but using different avoidable mortality groups, 4 9 25 26 although some of these include causes related to health policies and causes related to health services. 9 25 26 Unfortunately, the detailed lists of causes of death and ages are not the same, so the results are not completely comparable. The problem of comparability has been highlighted previously, 3 4 10 12 and it is common to all studies that have been carried out with this indicator. This drawback should be solved by establishing a consensus on the lists of causes. Probably, these lists should be adapted to the health situation in each country, so that the indicator is valid in every context. Nevertheless, common minimums (in some causes and age groups) should be maintained so that they could be comparable on an international level. For this reason, our work provides some important features. On the one hand, it uses a list of causes established by consensus in Spain for which the criteria used have been made public and discussed among professionals in the field. 27 28 On the other hand, it shows that making a distinction between the causes of death to be tackled by the health system and those needing policy interventions from other sectors gives a new dimension to this indicator. Furthermore, the combined use of decomposition in causes, ages and effects allows us a better understanding of the impact of avoidable mortality in the changes in LE experienced by the whole of the population, which could be very useful in public health. 
What this study adds
In Spain, the majority of the years of life gained or lost in young people are a consequence of the causes that are sensitive to intersector health policy interventions. Non-avoidable causes of death are those producing the largest increase in LE. As the group of non-avoidable causes results in the highest number of deaths, the reduction in mortality, despite being small, contributes highly to the increase in LE. By decomposing the changes in LE by effects it is shown that the majority of the years of life gained are due to an indirect effect. This means that the beneficial effect of the reduced mortality at one age is responsible for the years of life gained in other ages, and particularly in the LE of the whole population.
Policy implications
Differences in the quality of medical care and in health policy interventions among countries are being shown using the ''avoidable mortality indicator''. The reduction in mortality due to these causes and its effect on the changes in LE at birth is a useful way to evaluate the impact of these interventions on population health. Life expectancy at birth has been increasing in recent decades owing to the reductions in mortality for middle-aged and older adults. Part of these changes is attributable to the contribution of medical care and another part to health policy interventions, which is a very important argument for public health purposes.
